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RADIATION GAUGE 

This application is a continuation of application Ser. 
No. 07/159,351 ?led Feb. 23, 1988, now abandoned. 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to a radiation gauge for 
measuring a quantity of exposure, particularly suitable 
to an exposure apparatus wherein an exposure is ef 
fected by radiation such as X-rays, and the quantity of 
exposure is controlled while the exposure quantity is 
monitored. 
An X-ray exposure apparatus is used or is considered 

to be used with an X-ray source such as an X-ray tube 
or synchrotron radiation apparatus or the like. In this 
case, it is required that the radiation (X-rays) quantity 
projected is monitored, in response to which an expo 
sure period for the exposure of a substrate such as a 
wafer coated with an X-ray sensitive material (resist) to 
the radiation is determined to provide an optimum ex 
posure. This is because a line width of the resist pattern 
changes in accordance with the exposure quantity due 
to diffraction or the like in the case of a synchrotron 
radiation source or the like which is considered to be a 
practical X-ray source, the quantity or amount of radia 
tion of the X-rays is dependent on the energy of the 
electrodes and current. Practically, however, an actual 
amount of exposure of a mask or the like changes de 
pending on contamination of a mirror or mirrors and/ or 
a window or windows. Therefore, it is required that the 
amount of X-rays applied to the mask or the like is 
accurately measured in an exposure station or the like. 
To meet this, a sensor such as a semiconductor sensor or 
a photodiode is considered to be used, since they have a 
high sensitivity and are small in size which is suitable in 
the exposure station having little space. However, the 
sensitivity of those sensors changes with time and with 
the degree of past exposure to radiation such as X-rays, 
due to the property of the materials of the sensors. To 
detect the correct radiation amount, therefore, the sen 
sor has to be frequently exchanged with a new one. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present 
invention to provide a radiation amount detecting de 
vice for measuring a correct amount of incident radia 
tion by compensating for the change in the sensitivity 
which results from the exposure, and for the time of use 
of the radiation amount detecting device, particularly, a 
semiconductor sensor or a photodiode sensor having a 
sensitivity influenced by the past radiation exposure and 
the time of use. ‘ 
According to an embodiment of the present inven 

tion, the radiation exposure amount received by the 
sensor is accumulated as an amount of exposure from 
the start of the use of the sensor. On the other hand, the 
sensitivity change resulting from the amount of past 
exposure is determined on the basis of an empirical rule. 
The output of the sensor is calibrated in accordance 
with the accumulation on the basis of the determination. 
These and other objects, features and advantages of 

the present invention will become more apparent upon 
a consideration of the following description of the pre 
ferred embodiments of the present invention taken in 
conjunction with the accompanying drawings. dr 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a somewhat schematic view of a radiation 
detecting device according to an embodiment of the 
present invention. 
FIG. 2 is a flow chart illustrating a control in an 

operation of the device of FIG. 1. 
FIG. 3 illustrates a modi?cation of the ?rst embodi 

ment. 
FIG. 4 illustrates a radiation detecting device accord 

ing to a second embodiment of the present invention. 

‘ ' DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Referring to FIG. 1, there is shown a slit-scan type 
exposure apparatus incorporating a radiation detecting 
device according to a ?rst embodiment of the present 
invention, wherein a reference numeral 1 designates an 
X-ray source such as an X-ray tube or a synchrotron 
radiation source. A quantity of X-ray radiation pro 
jected is detected by a sensor 2. The output of the sensor 
2 is calibrated by a calibrator 3. The output signal repre 
sentative of the calibrated data from the calibrator is 
accumulated or integrated by an integrator 4 from the 
start of the detection by the sensor. A control means 5 
including a driving mechanism drives a stage 6 which 
carries a substrate coated with a photosensitive material 
(resist). The substrate is exposed to the X-ray radiation 
through a slit 8. 
The sensor 2 in this embodiment is of a semiconduc 

tor or photodiode type. As described hereinbefore, the 
sensitivity of the sensor 2 changes in accordance with 
the history of the use of the sensor, more particularly, 
the accumulated or integrated amount of the exposure 
in the past. Therefore, the output of the sensor 2 does 
not always represent the correct exposure amount. 
However, it has been found that the sensitivity change 
with the accumulated exposure is not random, but is the 
same for all of the same type sensors. On the basis of this 
fact, the calibrator 3 is effective to provide a correct 
amount of exposure on the basis of both the sensor 
output and the integrated amount of exposure. In other 
words, the output of the sensor 2 is corrected on the 
basis of the accumulated exposure amount. The degree 
of correction is predetermined using an empirical rule, 
which has been obtained as a result of a comparison 
between an output of the sensor and a reference sensor, 
for example, a proportional counter. The accumulated . 
amount of exposure is given to the calibrator 3 from the 
integrator 4. 

Referring to FIGS. 1 and 2, the operation will be 
described. The X-rays generated by the source 1 are 
directed to the sensor 2, the substrate 7 and the slit 8. 
The sensor 2 produces an output signal i which changes 
with an amount of the exposure of the sensor to‘ the 
X-rays per unit time, i.e., intensity of the X-rays. The 
output i of the sensor 2 is transmitted to the calibrator 3, 
which then produces a correct intensity of exposure I 
on the basis of the output signal i of .the sensor 2 and the 
output of the integrator 4indicative of the accumulated 
amount of exposure of the sensor 2. The output I indica 
tive of the'correct intensity of the current exposure is 
transmitted both to the integrator 4 and the control 
means 5. The integrator 4, receiving the output I of the 
calibrator 3, accumulates the calibrated output I. The 
control means 5 determines a drive speed to be in 
structed to the driving mechanism contained in the 
control means, on the basis of the calibrated output 
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signal I and an optimum amount of exposure for the 
resist used. Here, the amount of exposure is expressed 
by the intensity of the X-ray irradiation multiplied by an 
exposure period. The signal representative of the deter 
mination of the speed is transmitted to the driving 
mechanism, which in turn drives the stage 6 in response 
to the signal. By this, the amount of exposure of the 
substrate 7 through the slit 8 to the X-rays is maintained 
constant. In this embodiment, the control of the amount 
of exposure is effected by controlling the speed of the 
stage 6. 

Referring to FIG. 3, in the case of a proximity type 
exposure apparatus, the driving mechanism may control 
the open period of the shutter 9. 
An example of the empirical rule used will now be 

described. When an Si photodiode, for example, is ex 
posed to X-ray radiation, a light current I L proportional 
to the intensity of the X-rays is produced. However, an 
output of the photodiode Isc is changed from the cur 
rent IL due to a dark current or the like. 
The relationship between output of the photodiode 

the Isc and current IL is: 

IL: current generated by the incident radiation; 
Is: ‘reverse saturated current of photodiode; 
Iscz‘output current; 
Rs: series resistance in the photodiode; 
k: Boltzmann’s constant; 
T: absolute temperature of sensor; 
e: charge of electron. 
In the above equation, the current Is changes depend 

ing on the past accumulated amount of exposure of the 
sensor. The current Is is empirically determined with 
respect to the accumulated exposure. The following is 
an example: 

Accumulated Exposure Current Is 

01 1.8 X lO—8A 
401 7.6 X 10—'°A 
50J 1.04 X 10-10». 

In the case of SOR used as the radiation source, one 
shot corresponds to 100 mJ, and therefore, 50 J corre 
sponds to 500 shots. 
On the empirical relation, the calibration equation is 

preset in the calibrator 3. The calibration may not be 
performed by the calibrating equation, but may be per 
formed by a ROM storing the outputs corresponding to 
the inputs. 
A second embodiment will be described, wherein a 

sensor recovers its sensitivity during a non-exposure 
period. This recovering property occurs in a semicon 
ductor sensor or photodiode used under a relatively 
high temperature, for example. 

Referring to FIG. 4, there is shown a second embodi 
ment, wherein like reference numerals are used for the 
elements having corresponding functions as in the 
FIGS. 1 and 3 embodiments, and the detailed explana 
tion thereof is omitted for the sake of simplicity. The 
apparatus is provided with a shutter 9 for controlling 
the amount of exposure and a shutter 10 for blocking the 
X-rays. ‘The shutter 10 is effective to block the X-rays to 
prevent them from leaking into the exposure station, 
when, for example, the substrate or the mask is ex 
changed. By this, upon the exchanging operation, the 
X-rays are prevented from leaking outside, and the 
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4 
substrate coated with the resist is prevented from being 
exposed to the X-rays. The apparatus further includes 
an exposure amount discriminator 11 for discriminating 
whether the exposure operation is effected or not, 
which is connected to a timer 12 responsive to the out 
put signal of the discriminator 11 to count the non-expo 
sure period. An output of the timer 12 is transmitted to 
a subtracter 13 for subtracting the output of the integra 
tor 4. ' 

According to this embodiment, a correct amount of 
exposure can be measured even if the sensor is of such 
a type that a sensitivity change of the sensor recovers 
during the non~exposure period. 

In operation, the discriminator 11 discriminates 
whether the exposure operation is being performed or 
not. If it is discriminated as being during the exposure 
operation, the same control operations are carried out as 
in the ?rst embodiment. On the contrary, if non-expo 
sure is discriminated, the timer 12 operates to measure 
the non-exposure period of time. The subtracter 13 
calculates an exposure amount for correcting the inte 
grated amount in accordance with the recovery prop 
erty of the sensor which has been empirically deter 
mined. The subtracter 13 subtracts the exposure amount 
from an output of the integrator 4 prior to the non-expo 
sure period. By doing so, when the exposure is resumed, 
the sensor output is correctly calibrated to provide a 
correct amount of exposure. It is possible that the 
amount of correction due to the non-exposure period 
changes with the integrated amount of exposure at the 
start of the non-exposure period. In order to provide 
correct data even in this case, the amount of the correc 
tion is preferably further corrected by an additional 
correction which has been empirically determined with 
respect to the integrated amount of exposure at the time 
of the non-exposure period. 

Similar to the case of the ?rst embodiment, the cor 
rection by the subtracter 13 may be performed by a 
correction equation predetermined empirically or may 
be made using a ROM memorizing outputs correspond 
ing to inputs. 
When it is desirable to monitor to the sensitivity 

change with elapse of time, an additional timer for 
counting the time from the start of use of the sensor may 
be incorporated into the ?rst and second embodiments 
to effect the correction on the basis of the elapse of time 
in addition to the correction by the exposure and/or the 
length of the non-exposure period. The correction on 
the basis of the time elapsed can be empirically prede 
termined. The amount of exposure corresponding to the 
correction is subtracted from the output of the integra 
tor 4. 

In the foregoing, the description has been made with 
respect to a radiation amount detecting device usable 
with an X-ray aligner, but the present invention also is 
applicable to an aligner using as an exposure light g-rays 
or i-rays, if the sensitivity of the sensor changes with an 
integrated exposure amount, with a non-exposure per 
iod and/or with a elapse of time. 
While the invention has been described with refer 

ence to the structures disclosed herein, it is not con?ned 
to the details set forth and this application is intended to 
cover such modi?cations or changes as may come 
within the purposes of the improvements or the scope of 
the following claims. 
What is claimed is: 



5,050,196 
5 

1. An exposure apparatus for exposing a substrate to 
radiation rom a radiation source, said apparatus com 
prising: 

detecting means, sensitive to the radiation from the 
radiation source, for detecting the radiation to 
produce a detection output; 

correcting means for correcting the detection output 
to produce a corrected output signal; and 

an integrator for integrating the corrected output 
signal from said correcting means to produce an 
integration output signal; and 

control means for controlling the exposure of the 
substrate to the radiation in accordance with the 
corrected output signal from said correcting 
means; 

wherein said correcting means adjusts a degree of 
correction of the detection output in accordance 
with the integration output signal from said inte 
grator. 

2. An apparatus according to claim 1, wherein said 
control means controls movement speed of a stage car 
rying the substrate to control the amount of exposure of 
the substrate. 

3. An apparatus according to claim 1, wherein said 
control means controls an open period of a shutter. 

4. An exposure apparatus for exposing a substrate to 
radiation from a radiation source, said apparatus com’ 
prising: 

detecting means, sensitive to the radiation from the 
radiation source, for receiving a quantity of the 
radiation and for detecting the radiation to produce 
a detection output, said detecting means having a. 
sensitivity property which changes in accordance 
with the quantity of received radiation; 

correcting means for correcting the detection output 
in accordance with the change in the sensitivity 
property of said detecting means to produce a cor 
rected output signal, said correcting means includ 
ing data for adjusting a degree of correction of the 
detection output by said correcting means in accor 
dance with a value of an integration of the quantity 
of the radiation received by said detecting means; 
and 

control means for controlling the exposure of the 
substrate to the radiation from the radiation source. 

5. An apparatus according to claim 4, wherein said 
control means controls movement speed of a stage car 
rying the substrate to control the amount of exposure of 
the substrate. 

6. An apparatus according to claim 4, wherein said 
control means an open period of a shutter. 

7. A radiation detecting apparatus comprising: 
radiation detecting means, sensitive to radiation, for 

producing a detection output; 
correcting means for receiving the detection output 

directly from said detecting means and for correct 
ing the detection output in accordance with a sensi 
tivity characteristic change of said detecting means 
and for producing a corrected output signal; and 

integrating means for integrating the corrected out 
put signal and for producing an integrated signal; 

wherein said correcting means operates in accor 
dance with the integrated signal produced by said 
integrating means. 

8. An exposure apparatus for exposing a substrate 
with radiation, said exposure apparatus comprising: 

radiation detecting means sensitive to the radiation 
for producing a detection output; 
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6 
correcting means for receiving the detection output 

signal directly from said detecting means and for 
correcting the detection output in accordance with 
a sensitivity characteristic change of said detecting 
means and for producing a corrected output signal; 

integrating means for integrating the corrected out 
put signal and for producing an integrated signal; 

control means for controlling the amount of exposure 
of the substrate to the radiation in accordance with 
the corrected signal produced by said correcting 
means; 

wherein said correcting means operates in accor 
dance with the integrated signal produced by said 
integrating means. 

9. An apparatus according to claim 8, wherein said 
control means controls movement speed of a stage car‘ 
rying the substrate to control the amount of exposure of 
the substrate. 

10. An apparatus according to claim 8, wherein said 
control means controls an open period of a shutter. 

11. An exposure apparatus for exposing a substrate 
with radiation, said exposure apparatus comprising: 

a radiation detector for producing a detector output, 
said detector being sensitive to the radiation and 
having a sensitivity changing with exposure to the 
radiation; 

a calibrator for receiving the detector output directly 
from said detector and for correcting the detector 
output in accordance with a sensitivity characteris 
tic change of said detector and for producing a 
calibrator output; 

an integrator for integrating the calibrator output and 
for producing an integrator output; 

determining means for determining data for control 
ling the exposure of the substrate in accordance 
with the detector output and the integrator output; 
and 

control means for controlling exposure of the sub 
strate in accordance with the data determined by 
said determining means. 

12. An apparatus according to claim 11, wherein said 
control means movement speed of a stage carrying the 
substrate to control the amount of exposure of the sub 
strate. 

13. An apparatus according to claim 11, wherein said 
control means controls an open period of a shutter. 

14. A radiation detector for detecting radiation from _ 
a radiation source, said detector ‘comprising; 

detecting means, sensitive to the radiation from the 
radiation source, for detecting the radiation to 
produce a detection output; ' 

correcting means for correcting the detection output 
to produce a corrected output signal; and 

an integrator for integrating the corrected output 
signal from said correcting means to produce an 
integration output signal; 

wherein said correcting means adjusts a degree of 
correction of the detection output in accordance 
with the integration output signal from said inte 
grator. 

15. A radiation detector, comprising: 
means for detecting radiation intensity; 
correcting means for correcting the intensity of the 

radiation detected by said detecting means; 
an integrator for integrating signals corresponding to 

outputs of said detecting means when said detect 
ing means receives radiation; 
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a discriminator for discriminating whether said de 
_ tecting means is being exposed to the radiation or 
_ not; and 

a timer responsive to said discriminating means to 
count a non-exposure period; 

wherein said correcting means corrects the detection 
of said detecting means on the basis of an output of 
said timer and an output of said integrator. 

16. An exposure method for exposing a substrate to 
radiation from a radiation source, said method compris 
ing: 

directing the radiation to the detection means, sensi 
tive to the radiation from the radiation source, for 
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8 
detecting the radiation to produce a detection out 

Put; 
correcting the detection output to produce a cor 

rected output signal; and 
integrating the corrected output signal from said 

correcting step to produce an integration signal; 
adjusting a degree of correction of the detection out 

put in said correcting step in accordance with the 
integration signal from said integrating step; and 

controlling exposure .of the substrate to the radiation 
in accordance with the corrected output signal. 

* * * * * 
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